Various image restoration methods have been studied for removing space-variant motion blur such as iterative and POCS method. However, their computational complexity of the methods, such as regularized iteration and POCS method, is so high that they can hardly be implemented in real-time. In this paper, we address the method to reduce the computational complexity by selecting the region to be restored. The primary application area of the proposed method is a surveillance system whch requires accurate object extraction, identification, and tracking functions. To remove motion blur, we propose a new spatially adaptive regularized iterative image restoration algorithm. Experimental results show the the proposed algorithmcan efficiently remove spacevariant motion blur with significantly reduced computational overhead.
INTRODUCTION
Motion blur occurs in many image formation systems due to limited performance of both optical and electronic systems. The shutter speed, for example, is the main factor deciding the amount of motion blur. If a camera has slow shutter speed relative to the object velocity, the obtained image is degraded by motion blur. In a surveillance system, it results in fatal failure of detecting important information, such as the license plate of a fast moving car. Because of this reason, a high-performance, high-cost camera is generally used for detecting fast-moving objects. To reduce the cost of the surveillance system, we can apply the digital image restoration algorithm to accurately detect such objects This The degraded image in low-frequency region, however, will be similar to the restored image because the motion blur process can be considered as the one dimensional uniform blur. For this reason, we try to restore the image region that has a high-frequency component.
In this paper, we propose the selection rule to reduce the computational complexity with acceptable restoration results and the segmentation-based spatially adaptive image restoration method. This is based on the space-variant motion blur model, which is divided into the background model and the object model [5, 61. We also apply this model to surveillance system.
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IMAGE DEGRADATION MODEL FOR MOVING OBJECTS
Motion blur model
Image degradation model is formulated in the vector-matrix form as
where y represents the observed image. We consider that In Figure 1 , the image plane represents the plane of imaging sensor array. The blurred region in the object plane in Figure 1 is considered that the object at time t = 0 is blurred by motion in right direction. This is the same process if the objelzt at t = 1 is blurred by symmetric motion.
When we formulate the image degradation model for motion blur, we assume symmetric motion blur without loss of generality.
Two-dimensional image degradation model can be formulated as M N degradation matrices for the object and background, which corresponds to the (i,j)-th pixel. And z,(i,j) and zb(i,j) represent M N x 1 vectors for the object and background contairiing the (i, j)-th pixel, respectively. In the right part of (2), the first term, H, (i,j)z,(z,j) , represents the convolution process between the object and the point spread function due to the corresponding motion blur, and the second temi, Hb(i, j)xb(i, j ) , represents the background with the appropriate ratio in the boundary region. The detail of this degradation model has been addressed with the example of i-th row of an image in the previous work [5, 6] . It should be noted that the sum of the object ratio and background ratio is always unity.
Selection. of regions to be restored
The conventional restoration method finds the homogeneous moving region and applies the restoration algorithm to its region. This i s a general method, but it is considered as computational overhead if the moving object is mainly consisted by low frequency components. This is because that the low frequency region, such as no texture region and a interior region of simple object, has the almost same result after suffering with 1D motion blur. The captured image from the surveillance system that is installed over the road, for example, is generally blurred in the moving object's boundary and interior boundary. If we remove that region during the restoration process, we can reduce a computational complexity.
The criterion of the selection rule is the standard deviation of the small region in the direction of moving object. In Figure 1 , we can find that the left region of the region 1 and the interior of the region 2 have the same gray values after suffering the motion blur. This region has a small standard deviation, because it is the measure of the spread in each region about the mean
The standard deviation can be formulated as -where I i , j b f o c k represents the mean value of ( i , j ) t h block andI,,, the (z,y)-thpixel in the ( i , j ) t h block. The ( i , j ) t h block is determined by the direction of motion vector. If a object has mainly the horizontal moving direction, the horizontal length of the (i, j ) t h block is longer than the vertical length. We apply the restoration method to a region if the standard variation is larger than the threshold like as 
(4)
The threshold can be determined by inspecting intensity values of the (i,j)b,,,,.
SEGMENTATION-BASED ADAPTIVE ITERATIVE IMAGE RESTORATION
In order to remove the Space-Variant (SV) motion based on the proposed degradation model, we use the modified version of the regularized iterative image restoration method proposed in the previous work [l] . The Space Invariant (SI) restoration method can he expressed as
This method, however, can not be used for the restoration of a SI blurred image. In order to remove the SV motion blur, ( 5 ) should be modified, for each pixel x,,j which is included in the segment denoted by R, as
where H , represents the Point Spread Function (PSF) of the image segment containing z i ,~, e p the p-th unit vector, M the vertical size of the image, and K the number of different segments. In (6), T, is determined by the local degradation matrix for segment R, H , as (7) where C is a smoothness constraint, and X represents the regularization parameter which controls the fidelity to the original image and smoothness of the restored image.
The restoration algorithm given in (6) is shown in Figure 
SURVEILLANCE SYSTEM WITH MOTION BLUR REMOVAL
To verity the usefulness of the region selection rule, we implemented the system that is composed by the object extraction method with active background subtraction which can extract the moving object with the background [7] . The shutter speed of the system is used for decision whether the object is blurred or not because the extent of the motion blur is proportional to the displacement of the object. The relation between the displacement and the extent can be formulated as where D represents the displacement vector, Tshutter the shutter speed of the camera, A t the interval between frames, and R the extent of the motion blur. The entire system is shown in Figure 3 . In this system, we assume the tracking part is implemented, because this paper is mainly about the selection rule to reduce the computational complexity. Fig. 3 . Surveillance system with motion blur detecting and removal function.
EXPERIMENTAL RESULTS
The original blurred image is shown in Figure 4 (a). The target is the lower moving car that is moved down in the image. To extract the moving object, we generated the active background which is shown in Figure 4 (b). The detected moving object with that method is shown in Figure 4 (c).
The final segment after selecting the region to be restored is shown in Figure 4 (d). The total area to restore is reduced by 40% so we can reduce the computation complexity during the restoration process. For selecting the region to be restored, we use a 4 x 8 block because the object is moved down and 7.0 is used as the Threshold in Eq 4. The final restoration is shown in Figure 5 . We can observe that the license plate "5286" become recognizable. In order to have restored images shown in Figure 5 
CONCLUSIONS
In this paper, we propose the region selection rule to reduce the computational complexity and the segmentation-based spatially adaptive image restoration method. We show the relation between the extent of motion blur and the shutter speed. If we know the shutter speed and estimate the motion vector of a object, we can determine whether a moving object is motion blurred or not. The experimental result shows that the restored image with that method has acceptable performance. 
